Comment on "Antilocalization in a 2D Electron 
Gas in a Random Magnetic Field" 

In a recent Letter Taras-Semchuk and Efetov re- 
consider the problem of electron localization in a ran- 
dom magnetic field (RMF) in two dimensions. They ob- 
tain an additional term in the effective field theory (cr- 
model) of the problem, leading to delocalization at the 
one-loop level. This calls into question the results of ear- 
lier analytical studies , where the RMF problem was 
mapped onto the conventional unitary-class (T-model, im- 
plying that the leading quantum correction is of two-loop 
order and of a localizing nature. 

We will show, however, that the new term that is 
claimed to appear in due to the long-range nature 
of the vector potential (A) correlations, in fact does not 
exist and was erroneously obtained in [Q because of an 
inconsistent treatment violating gauge invariance. A di- 
agrammatic analysis of the effective action (9) of Ref. |^] 
shows that in leading order the contribution of the new 
term to the conductivity (denoted there as (-^1^}) is rep- 
resented by a diagram with one diffuson (m = angular 
harmonic in momentum space) and two "massive diffu- 
sons" (to > 1), see Fig. la. In contrast to the normal 
(to = 0) diffuson, for which summation of an infinite se- 
ries of ladder diagrams produces a singularity at g, w — » 0, 
the corresponding terms of the series for the "massive 
diffuson" can be considered separately. In particular, 
keeping the first term in both "massive diffusons" and 
switching to the conventional diagram technique, we get 
the diagram of Fig. lb; higher terms produce analogous 
diagrams with n > 2 impurity lines crossing the diffuson. 



FIG. 1. a) Leading diagram for with one normal diffu- 
son (thick wavy line) and two high-m "diffusons" (thin wavy 
lines); b) corresponding contribution in the impurity diagram 
technique; the shaded block denotes the diffuson. 


We show now that for any n the sum of all diagrams 
with n impurity lines crossing the diffuson and having 
their starting (end) point anywhere on the left (right) 
block yields a non-divergent contribution to the conduc- 
tivity. Indeed, this contribution has the form 

X Sxai...a„ (Qi, ■ • ■ j <ln)Sxl3i...l3„ (Qi, ■ • ■ , Qn) 

X 2'ai/3i(qi) • ■ ■2?a„/3„(qn), (1) 

where q = X^j the diffuson momentum, VapiQ) = 
[WB{q)/q^]{Sc.f3 " qaQp/q^), and Weiq) = {B{q)B{~q)) 


is the RMF correlation function in momentum space. Ex- 
ploiting the fact that insertion of a RMF line in all possi- 
ble ways can be generated by variation of the vertex part 
S with respect to the vector potential, 6/SAa{r), and us- 
ing the gauge invariance argument, it is not difficult to 
show that the vertex part satisfies 

Sxai...a„i(ll, . . . ,q„) oc qqi . . .g„ . 

Therefore, all the singularities in the vector potential cor- 
relators T^a^p^ and in the diffusion propagator in Eq. (|l|) 
are canceled by the vertex parts, yielding a non-divergent 
contribution of the form 

Aa^x oc j [dq)q^ / [Dq^ — iuj) oc const -t- \lo\t . 

Though this correction is non-analytic at w — > (corre- 
sponding to a long-time tail in the velocity correla- 
tion function, see jj] for details), it is non-divergent. For 
a random potential, a similar cancellation of the diver- 
gent diffuson contribution occurs [||. 

Having shown that a divergent one-diffuson contribu- 
tion does not exist, it is natural to ask why did the au- 
thors of ||l| find it. The point is that while the sum of all 
diagrams with a given n is finite, any individual diagram 
does diverge. So, a loss of some diagrams produces a spu- 
rious divergent term. It remains to point out a diagram 
lost in ||l|. In fact, there are many of them: all the dia- 
grams originating from the A? term in the Hamiltonian 
are omitted. While these diagrams do not contribute 
in the derivation of the diffusion action in leading order 
performed in they are crucially important for main- 
taining gauge invariance in higher order calculations. 
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